from one patient to the other with his syringe and needle would disappear from the scene, and the headache physician (or "cephaliatrist", as Raffaelli prefers to call him (E. Raffaelli Jr. Personal communication)) would be reduced to a middleman between the pharmacists and the patients.
Would this be the ideal condition? We believe that even if an ideal, general analgesic like the one mentioned should be discovered, it will still be our duty to rubricate headache disorders and arrange them in categories; it would still also be an obligation to elucidate the disease process. The reason for this is that therapy should be causal and radical, to be satisfactory.
The present situation in cluster headache will be used to illustrate some possible fruitful future lines of approach.
There are several characteristic features of cluster headache: 1. The unilaterality of the pain 2. The male sex preponderance 3. The autonomic accompaniments of the attack 4. The special temporal pattern-the chronobiology of the headache Each of these features must be explained by a cluster headache theory that is to stand the test of time. Hypothetically, the exploration of each single main characteristic may prove to be an avenue leading to the core of this disease. A full understanding of a single main characteristic may lead one to-or very close to-the source of cluster headache. An intersection between two different axes could even more distinctly identify the source.
There are a multitude of angles from which the problem of cluster headache pathogenesis can be approached. In this context, we shall briefly outline two lines of research. After a summary treatise of past events, we shall try to outline what can be expected eventually to come out of specific approaches. The inherent possibilities for ultimate failure of such approaches will also be touched upon.
The sex preponderance is one such angle. Not only is there a male preponderance; the patients also have a particular masculine appearance, by Graham termed "the leonine face" (1). This, moreover, is true not only for the males but also for the females, as also demonstrated by Graham (2) . It is natural to believe that this combination of features could be secondary to increased blood levels of male sex hormones. The first one to study this was Kudrow, who actually made the opposite finding (3): the testosterone levels were lower during remission than they were in controls, and during the cycle they were still lower.
This surprising finding opened up a whole new area of research in cluster headache. The original results have been substantiated by Romiti et al. (4) . Klimek (5) also corroborated the original data when he compared testosterone levels in male patients with radicular pain (162 ng/ml), trigeminal neuralgia (175 ng/ml), cluster headache (240 ng/ml), and controls (blood donors) (385 ng/ml). It is remarkable that trigeminal neuralgia and radicular pain patients had lower values during the active phase than did cluster headache patients. If anything, these investigations may bring out the idea that the lowering of testosterone levels is secondary to the pain. It should be noted, however, that in Klimek's study, due heed was not paid to age, since the mean age in the trigeminal neuralgia group and to some extent in the radicular pain group was higher than that in the cluster headache and control groups. It is well established that plasma testosterone levels diminish considerably as a function of age (6) . It is noteworthy, however, in this context that the mean age difference between the cluster group and the pain group with the lowest testosterone level, the radicular pain group, was moderate, viz 34 and 41 years of age. There is therefore reason to believe that the observed difference between the latter groups may not be too far off the track. Nelson (7) , however, did not quite confirm the original results of Kudrow. Nelson's findings were as follows: cluster headache during attacks (means), 631 ng/dl (n = 4), versus during the remission, 460 ng/dl (n = 28), and in migraine during attacks, 490 ng/dl (n = 8), and interparoxysmally, 432 ng/dl (n = 26). No healthy controls were included in his study.
There is a marked diurnal variation in plasma testosterone concentration. Could the sampling routines have rendered a distorted picture of the situation in cluster headache? In a recent work, Facchinetti et al. (8) explored this possibility. They found a significant reduction of the 24-h integrated testosterone level (mesor) during a bout of cluster headache when compared with controls-that is, 4.4 ± 1.1 and 6.6 ± 0.8 ng/ml, respectively. For the time being, it thus seems as though a reduced plasma testosterone level is an integral part of cluster headache, and in particular during the bout.
But why is the plasma testosterone concentration decreased? The question arises whether the abnormality is of primary testicular origin or whether the underlying mechanism is a reduced stimulation along the hypophyseal-testicular axis. Still another possibility to be entertained is whether the catabolism could be altered.
Kudrow in a later work (9) assessed the luteinizing hormone in cluster headache (n = 5) and found higher levels during remission than during the active phase, indicating a hypophyseal dysfunction during the cycle. Facchinetti et al. (8) re-investigated this problem but found normal values of luteinizing hormone in morning samples during the cluster period. If the level in the morning sample is a true reflection of the 24-h secretion, then there does not seem to be any indication for a pituitary dysfunction in cluster headache in this respect.
Another possible source of testosterone abnormalities is through testosterone-glucocorticoid interactions, which appear to have a negative influence on testosterone levels. The chronograms of plasma cortisol levels in cluster headache patients showed a significant circadian rhythm, the acrophase being delayed approximately 2 h, when compared with controls (8) . Mesor was significantly higher in cluster headache patients during the bout than in controls (103 versus 74 ng/ ml). There are also other indications that pituitary stress hormones-adrenocorticotropin and ß-lipotropin-are altered during the cycle (10) . Possibly, therefore, the low testosterone levels could be a stress-related phenomenon (8) . This would also be in conformity with Klimek's results (5) .
Will the continued investigation of male sex hormones lead to any clarification of the male preponderance in cluster headache? In our opinion, it may or it may not. The mechanism behind the male hormone disturbance could be a relatively easy problem to tackle. The, questions, however, remain as to the position of the "leonine" appearance in this setting and as to whether there is a cause-and-effect relationship between the hormonal disturbances observed and the headache. The leonine appearance is apparently not caused by elevated testosterone levels as such. Accordingly, there are other causes for it. If it is related to sex hormones at all, there may be various explanations for the phenomenon. Theoretically, the metabolism of male sex hormones may be changed in cluster headache, other metabolites with high androgenic activity being formed. This possibility ought to be explored. Graham (2) has speculated that cluster headache patients "push and push" until they get a series of attacks. Male sex hormones have an invigorating effect. The psychic energy of cluster headache patients could depend on an adrenergic effect. Theoretically, it is also possible that the sensitivity to circulating testosterone (and other androgens) can be increased in cluster headache at the receptor level; the distribution of receptors may be changed. There may even be a supersensitivity for androgens at the receptor level in cluster headache, similar to what has been observed concerning cholinergic substances in the forehead sweat glands. The other possibility is that the leonine appearance is not a male hormone phenomenon at all and has quite another underlying mechanism, totally unrelated to male hormones. Graham (2) mentions the unspecificity of this phenomenon, this appearance being encountered also in, for example, brochogenic carcinoid tumors and peptic ulcers.
The exploration of the male hormones in cluster headache may be a dead-end road. Not only may the leonine appearance be due to factors unrelated to sex hormones; the male preponderance may also be due to quite other factors. The male proclivity to head injuries is one possible source for the preponderance (11) . Still another possibility is that the male preponderance is associated with the role as man in modern society, irrespective of the sex hormones. The expectations to a man may be so high that it may be difficult for everybody to live up to them. In this context, it should be emphasized that many of these patients with a leonine appearance have a sensitive and timid soul (like a mouse, according to Graham (2) ). The communication between males in the various age groups-or, rather, the lack of such-and the personal problem solution in males apparently differ essentially from those in females: the males brooding, the females "emptying their heart". It may, therefore, be that psychological factors after all play a role in ushering in occasional cluster episodes (1; O. Sjaastad. Headache and the influence of stress. A personal view. Unpublished observations; E. Raffaelli Jr. Personal communication). To make our stand perfectly clear: We by no means feel that cluster headache is a headache with a psychogenic background; psychogenic factors are only conceived to play an adjunctive or permissive role. The uncovering of the background to the male preponderance in cluster headache may be a tedious and time-consuming process, in the end not rendering a clear-cut either/or answer but a both/and answer. There may be a conglomerate of factors that en bloc explain the male preponderance.
Another approach to cluster headache pathogenesis is the unraveling of the autonomic disturbances connected with this headache. Such disturbances have been found concerning many autonomically innervated organs, including the sweat glands and the iris. The question as to where the primary lesion causing these disturbances is located has, however, not been solved.
In an arteriographic study, Ekbom & Greitz (12) found some evidence of a decrease in intra-arterial lumen of the internal carotid artery on the symptomatic side during attack. However, only one patient was studied, in whom the attack seems not to have been spontaneous, and there has, to the best of our knowledge, not been any later study aimed at reproducing these findings. Nevertheless, on the basis of the mentioned and other observations, many investigators consider that the source of the pupillary findings in cluster headache is along the IIIrd neuron in the carotid canal (e.g., 13, 14) .
This inference is partly based on the evidence used to explain the findings concerning facial sweat glands in Raeder's syndrome: The sympathetic fibers subserving the sweat glands of the face were at the time of Raeder considered to run along the external carotid artery, whereas those subserving the dilator muscle of the iris were considered to run along the internal carotid artery. In Raeder's syndrome, the primary affection is located in the paratrigeminal area; accordingly, only the sympathetic fibers to the iris and not those to the sweat glands should be involved in this syndrome, according to the knowledge at the time of Raeder. Consequently, anhidrosis was not supposed to be a feature of Raeder's syndrome. Similarly, in cluster headache, clinicians (e.g., Ref. 2) had not observed anhidrosis (as in the ordinary Horner's syndrome) but, on the contrary, attack-related hyperhidrosis in the forehead on the symptomatic side.
Various of the premises on which this type of reasoning was based may be wrong. The absence of anhidrosis in cluster headache (at variance with the findings in the "ordinary" Horner's syndrome) has in later investigations been shown not to be the whole truth (15, 16) . In cluster headache, there is, as a matter of fact, a relative hypohidrosis in the forehead on the symptomatic side in the remission phase, at least in a good proportion of the cases. Moreover, at the time of the inception of Raeder's syndrome, sweating could not be measured with the exactness of today, so that we do not really know whether the sweating in the original cases was within normal limits. There is also some, although probably not adequate, evidence to indicate that forehead sweat glands are innervated from sympathetic fibers along the internal carotid artery (17) . In the latter case, it would be difficult to explain why patients with Raeder's syndrome should have a normal forehead sweating pattern.
The evidence for a IIIrd neuron lesion in cluster headache to explain the sweat abnormalities in this headache is, in our opinion, insufficient. The primary lesion may well be along the central or preganglionic neuron (18) . From the foregoing, it nevertheless appears that it clearly behoves us to know the sweat pattern in the Ist to IIIrd sympathetic neuron lesions.
It has been customary to believe that the Ist to IIIrd neuron lesions have as their counterpart rather distinct pupillary patterns. As far as the pupillary findings in cluster headache are concerned, therefore, these patterns might theoretically be of considerable help when trying to identify the localization of the autonomic lesion. However, in the clinical materials investigated pupillometrically, the group with IIIrd neuron affection has partly consisted of patients with cluster headache, on the assumption that in cluster headache there is a IIIrd neuron lesion. Since the evidence for this conception is far from adequate, one may therefore be faced with a circle argument in this context. A possible IIIrd neuron lesion in cluster headache is not a premise; it is rather the problem to be investigated.
Precise information on the pattern of pupil and sweat behavior in Ist-IIIrd neuron dysfunctions in general will, if the patterns for the three types of lesions are distinct enough, probably aid-and possibly aid largely in identifying the site of the primary autonomic dysfunction. To clarify this problem of localization of the primary sympathetic affection is in our opinion of considerable interest. In an attempt to do so, both a pupillometric and an evaporimetric study have been carried out in patients with known Ist and IInd neuron lesions (19) . If the sympathetic chain is lesioned along the IIIrd neuron, then both the sweat anomaly and the pupillometric abnormality encountered in cluster headache are most likely due to a local phenomenon in the carotid canal. The pupillometric and evaporimetric abnormalities in cluster headache would then, in our estimation, most likely be secondary features in the disease process.
If the pattern of sweat and pupillographic abnormalities in cluster headache proves to be most similar to the pattern of a Ist neuron lesion, then a "central" origin of cluster headache may seem most likely. It is, therefore, an obvious task to study patients with definite IIIrd neuron lesions with the techniques used for lesions of Ist and IInd neuron lesions (19) .
It is possible, however, that this approach may render no clear-cut answer: The patterns characterizing Ist and IIIrd neuron lesions may not be sufficiently distinct to enable a pattern recognition. If such a situation should arise, the balance of evidence would, in our opinion, point more in the direction of a Ist neuron than of a IIIrd neuron lesion, for the following reason: In the IIIrd neuron, the sympathetic fibers probably run so closely together that they may readily be affected by a single lesion. Matters may be much more complicated with a central lesion. Little is actually known about the sources and course of the central sympathetic. It may have several sources (cf. same-sided and contralateral Horner's syndrome in central lesions (e.g., Ref. 20)).
Conceivably, Horner's syndromes with slightly different patterns may arise depending on the localization of circumscribed dysfunctions. If tests with a high power of resolution are utilized, it may, in the future, prove within reach to localize and identify such areas of dysfunction. If central in origin, cluster headache will necessarily have to be due to a highly intricate and complicated underlying mechanism.
To disentangle this riddle, investigations as to a possible disruption of biorhythms and central hormonal regulations may seemingly be most useful. 
